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ABSTRACT
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1e through hole of the conductive fixing
antenna extendable and retractable from

and into the housing. The rod antenna is movable along a
central axis of the cylindrical fixing member. The hula hoop
antenna has a first end connected to a variable capacitor on
a printed circuit board of the mobile terminal and a second
end connected to a ground plate of the printed circuit board.
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ANTENNA APPARATUS FOR MOBILE
TERMINAL

BACKGROUND

1. Field of the Invention

The present mmvention relates to an antenna apparatus for
a mobile terminal and 1n particular, to an antenna apparatus
for a mobile terminal where the antenna apparatus includes
a hula hoop antenna and an extendable rod antenna for
operating the antenna apparatus in an extended and in a
retracted state.

2. Description of the Related Art

An antenna apparatus for a mobile terminal generally
includes a fixed helical antenna and a retractable rod
antenna. The helical antenna operates 1n a retracted state and
the rod antenna operates in an extended state.

FIGS. 1 and 2 illustrate a prior art antenna apparatus
having a rod antenna 1n the extended state and in the
retracted state, respectively. A detailed discussion of the
structure and operation of the antenna apparatus shown by
FIGS. 1 and 2 can be found 1n Korean Patent Registration

No. 107414/1996.

The antenna apparatus for a mobile terminal, as 1llustrated
by FIGS. 1 and 2, includes a helical antenna 130 mounted on
an upper portion of a housing 301, and a rod antenna 120
fixed to the housing 301 by an antenna cap 106. The hollow
antenna cap 106 has a protrusion 107 formed at an upper,
inner wall through which the rod antenna 120 1s inserted.
Under the antenna cap 106, a conductive female screw 111
1s fixed to the upper end of the housing 301. A cylindrical
male screw 109 having a through hole 1s screwed to the
female screw 111. A head of the cylindrical male screw 109
1s attached to a lower end of a helical winding 108 inserted
into an opening of the antenna cap 106. The antenna cap 106
1s fixed to the housing 301 such that a lower end of the
antenna cap 106 1s fixed to the head of the cylindrical male
screw 109.

The rod antenna 120 1s composed of a polyacetal rod 104,
an antenna core line 1035 mserted 1nto the polyacetal rod 104,
an 1solation element 103 with a fixing groove 102 formed at
an upper, outer circumierence, and a pull 101 formed at an
upper end of the 1solation element 103. The rod antenna 120
1s 1nserted 1nto the antenna cap 106, passing along a central
axis of the helical antenna 130 and the through hole of the
cylindrical male screw 109. A lower end of the polyacetal
rod 104 1s fixed to a stopper 110.

In the retracted state of the rod antenna 120, the protrusion
107 formed at the upper portion of the antenna cap 106 1s
inserted 1nto the fixing groove 102 of the 1solation element
103 so that the rod antenna 120 may not extend out of the
antenna cap 106 by 1itself. In the extended state of the rod
antenna 120, the stopper 110 fixed to the lower end of the
polyacetal rod 104 1s stopped by a plate spring 112 mounted
on the through hole of the cylindrical male screw 109. The

female screw 111 1s connected to a printed circuit board
(PCB) 205 via a feeding connector 201.

With continued reference to FIGS. 1 and 2, the antenna
core line 105 extends from the stopper 110 to the lower end
of the i1solation element 103. The polyacetal rod 104 has a
ogood restoring force and serves as a protection rod for the
antenna core line 105. The antenna core line 105 may be
made of a silver-plated cooper wire or piano wire, or a
super-elastic nickel-titanium wire (i.e., shape-memory alloy
wire) having a good restoring force. An electric length of the
antenna core line 105 measures between A/4 and W/2 (i.e.,
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approximately 87-174 mm at 860 MHz), taking into con-
sideration the vertical length of the housing 301. In practice,
a physical length of the antenna core line 105 can be reduced
to 132 mm by virtue of a dielectric constant indicative of the
polyacetal rod 104. When the vertical length of the housing
301 1s very short, a telescoping antenna may be used for the
rod antenna 120.

The helical winding 108 of the helical antenna 130 1s

made of a silver-plated piano wire having a diameter of
approximately 5.6 mm. An electric length of the helical
winding 108 1s related to the length of the antenna core line
105 of the rod antenna 120. A physical length of the helical
antenna 130 1s relatively much shorter than that of the rod
antenna 120.

The antenna apparatus i1s positioned at one side of the
mobile terminal, 1.¢., there 1s a positional asymmetry 1n the
placement of the antenna apparatus with respect to the
housing of the mobile terminal. In the extended state of the
rod antenna 120, the positional asymmetry of the antenna
apparatus, specifically, the positional asymmetry of the
helical antenna 130 1s non-problematic, since 1n the

extended state, the overall length of the antenna apparatus 1s
increased. Therefore, the distribution of radiation and the

quality of communication 1s typically not affected.

However, 1n the retracted state of the rod antenna 120, the
overall length of the antenna apparatus 1s reduced and only
the helical antenna 130 radiates a radio signal. As a result,
due to the positional asymmetry of the helical antenna 130,
a radiation pattern indicative of the radiated radio signals 1s
distorted, 1.e., the radiation pattern 1s asymmetrical, thereby
reducing the distribution of radiation 1n one or more direc-
tions. Hence, a receiving sensitivity may depend on the
position of the mobile terminal.

Further, an increase 1n the operating frequency requires an
extension 1n the size of the mobile terminal with respect to
the wavelength which accelerates the distortion of the radia-
fion pattern, thereby presenting a difficulty in designing a
compact mobile terminal. To counteract this phenomenon,
the length of the antenna apparatus can be increased.
However, an increase 1n the length of the antenna apparatus
presents a difficulty 1n designing a compact mobile terminal.

Therefore, a needs exists to provide a non-directional
antenna apparatus for a mobile terminal which has a stable
receiving sensitivity 1n the elevation and azimuth planes
without compromising the compactness of the mobile ter-
minal.

Further, a need exists to provide an antenna apparatus for
a mobile terminal which has a symmetric radiation pattern 1n
the retracted and extended states.

SUMMARY

The present mvention provides an antenna apparatus for
a mobile terminal having a hula hoop antenna secured to a
housing of the mobile terminal; a conductive line coupling
the hula hoop antenna to a transceiver of the mobile termi-
nal; a conductive fixing member having a through hole and
contacting a portion of the hula hoop antenna; a cylindrical
fixing member 1nserted 1nto the through hole of the conduc-
five fixing member; and a rod antenna extendable and
retractable from and into the housing. The rod antenna is
movable along a central axis of the cylindrical fixing mem-
ber. The hula hoop antenna has a first end connected to a
variable capacitor on a printed circuit board of the mobile
terminal and a second end connected to a ground plate of the
printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a prior art antenna apparatus in the
extended state;
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FIG. 2 1llustrates the prior art antenna apparatus of FIG.
1 1n the retracted state;

FIG. 3 1illustrates an antenna apparatus for a mobile
terminal 1n accordance with the present invention;

FIG. 4 1llustrates the antenna apparatus of FIG. 3 1n the
extended state;

FIG. 5 illustrates the antenna apparatus of FIG. 3 1n the
retracted state;

FIG. 6 1llustrates a current distribution of the antenna
apparatus of FIG. 3 1n the extended state;

FIG. 7 1llustrates a variable capacitor according to a first
embodiment for the antenna apparatus of FIG. 3;

FIG. 8 1illustrates a variable capacitor according to a
second embodiment for the antenna apparatus of FIG. 3;

FIG. 9 1s a graph 1llustrating a voltage standing wave ratio
(VSWR) of the antenna apparatus of FIG. 5 in the retracted
state;

FIG. 10 1s a graph 1illustrating a voltage standing wave
rat1o of the antenna apparatus of FIG. 4 1n the extended state;

FIG. 11 1s a graph 1llustrating a radiation pattern of the
antenna apparatus of FIG. 5 1n the retracted state;

FIG. 12 1s a graph 1illustrating a radiation pattern of the
prior art antenna apparatus of FIG. 2 1n the retracted state;

FIG. 13 1s a graph 1illustrating a radiation pattern on an
clevation plane of the antenna apparatus of FIG. § 1n the
retracted state;

FIG. 14 1s a graph 1llustrating a radiation pattern on the
clevation plane of the prior art antenna apparatus of FIG. 2
in the retracted state;

FIG. 15 1s a graph illustrating a radiation pattern on the
azimuth plane of the antenna apparatus of FIG. 4 1n the
extended state;

FIG. 16 1s a graph illustrating a radiation pattern on the
azimuth plane of the prior art antenna apparatus of FIG. 1 1n
the extended state; and

FIG. 17 1s a graph illustrating a radiation pattern on the
clevation plane of the antenna apparatus of FIG. 4 1n the
extended state.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

It 1s to be understood that in the following description of
a preferred embodiment, specific details are set forth to
provide a more thorough understanding of the present
invention, notwithstanding that one skilled in the art may
practice the invention without these specific details. It 1s to
be further understood that in the accompanying drawings,
similar reference numerals are used to denote elements
having similar or equivalent constructions. In the following
description, well known functions or constructions may not
be described 1n detail since they would obscure the invention
in unnecessary detail.

FIG. 3 1illustrates an antenna apparatus for a mobile
terminal 1n accordance with the present invention designated
generally by reference numeral 400. FIGS. 4 and 5 1llustrate
the antenna apparatus of FIG. 3 1in the extended state and the
retracted state, respectively.

With reference to FIGS. 3 to §, the antenna apparatus 400
includes a rectangular hula hoop antenna 410 and a rod
antenna 420. The hula hoop antenna 410 1s placed at an
upper, mnner center of a housing 401 of a mobile terminal
405. The rod antenna 420, which 1s retractable and extend-
able 1nto and from the housing 401 to change the state of the
antenna apparatus 400, 1.e., between the extended and
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retracted states, 1s disposed at a top right corner of the hula
hoop antenna 410. The hula hoop antenna 410 1s supported

by a printed circuit board (PCB) 430.

The hula hoop antenna 410 has a first end connected to a
variable capacitor 411 on the PCB 430 and a second end
connected to a ground plate 431 of the PCB 430. The ground
plate 1s removed at the upper portion of the PCB 430. A
microstrip line 412 couples the hula hoop antenna 410 with
a low noise amplifier (LNA) 413 of a transceiver (not
shown). A conductive fixing member 414 having a through
hole 1s fixed to a corner of the hula hoop antenna 410. A
cylindrical fixing member 415 1s mserted into the through
hole of the conductive fixing member 414.

The rod antenna 420 1s movably restricted to the housing,
401 by the cylindrical fixing member 415. The rod antenna
420 1ncludes a polyacetal rod, an 1solation element with a
length NC, and a pull button 421. The polyacetal rod has a

conductive core line (not shown) formed along a central axis
thereof. Lower ends of the conductive core line and the
polyacetal rod are fixed to a stopper (not shown).

In the retracted state, a lower end of the rod antenna 420
reaches a retraction point (not shown) in the housing 401 as
it passes through the cylindrical fixing member 415. In the
extended state, the pull button 421 of the rod antenna 420
reaches a maximum extension point with respect to the
housing 401 as the stopper fixed to the lower end of the

polyacetal rod 1s stopped by the cylindrical fixing member
415.

The rod antenna 420 1s manufactured from a metal wire
and has a length L1, thereby emulating a A/2 antenna 1n the
extended state. The hula hoop antenna 410 1s manufactured
from a metal strip or wire. The rod antenna 420 1s coated
with a nonconductive material to prevent 1t from electrically
coupling with the hula hoop antenna 410 while in the
retracted state. Further, the rod antenna 420 1s thick 1n order
to contact the hula hoop antenna 410 and to prevent the rod
antenna 420 from being pulled out from the cylindrical
fixing member 415 while 1n the extended state.

In this antenna apparatus 400, a length (2xh2+2xh3) and
a height hl of the hula hoop antenna 410, and the variable
capacitor 411 serve to improve the matching characteristic.
Therefore, the antenna apparatus 400 does not require a
separate matching circuit, since a radio signal 1s fed to the
hula hoop antenna 410 via the microstrip line 412. Further,
it 1s possible to obtain an mnput impedance of approximately
50 €2 by adjusting the height of the hula hoop antenna 410
or moving a feeding point right and left.

FIG. 6 1illustrates a substantially symmetric current dis-
tribution of the antenna apparatus 400 1n the extended state.
For this symmetric current distribution, a radiation pattern
on the azimuth plane 1s measured to be approximately
circular. In the retracted stated, the rod antenna 420 1s
decoupled from the feeding point and only the hula hoop
antenna 410 serves as a radiating element.

Referring back to FIGS. 3 to 5, the conductive fixing
member 414 1s placed at an upper, right corner of the hula
hoop antenna 410, where the current distribution 1s rela-
tively the lowest compared to other places. That 1s, the rod
antenna 420 1s placed at a given position of the hula hoop
antenna 410 where the current distribution 1s relatively low.

FIG. 7 1llustrates the variable capacitor 411 according to
a first embodiment of the present invention. As illustrated,
the variable capacitor 411 1s composed of a screwed cylinder
500 and a screw 510 inserted into the screwed cylinder 500.
The capacitance of the variable capacitor 411 can be varied
by screwing the screw 510 clockwise or counter-clockwise
to move the screw 520 up or down, respectively.
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FIG. 8 1illustrates the variable capacitor 411 according to
a second embodiment of the present invention. As
illustrated, the variable capacitor 411 1s composed of a
printed circuit board 431 having a plurality of patches 520.
Each of the plurality of patches 520 i1s connected to an
adjacent patch by a patch connection line 530. The capaci-
tance of the variable capacitor 411 can be varied by cutting
the patch connection line 530 at desired positions.

FIGS. 9 and 10 1illustrate voltage standing wave ratios
(VSWRs) of the antenna apparatus 400 1n the retracted state

and the extended state, respectively.

FIG. 11 1illustrates a radiation pattern of the antenna
apparatus 400 on an azimuth plane 1n the retracted state, and
FIG. 12 1llustrates a radiation pattern of the prior art antenna
apparatus 100 (FIG. 2) on the azimuth plane in the retracted
state. For the antenna apparatus 400, a gain difference
between the maximum and minimum gains on the azimuth
plane 1s 9 dB. This 1s a much lower gain than that of the prior
art antenna apparatus 100. A low gain difference decreases
the directivity of the antenna apparatus 400, thereby 1improv-
ing the communication quality and providing a stable receiv-
Ing sensitivity.

FIG. 13 illustrates a radiation pattern of the antenna
apparatus 400 on an elevation plane 1n the retracted state, 1n
which the peak gain appears at around 90°. The prior art
antenna apparatus has a peak gain at around 140°, as shown
by FIG. 14. Since the current distribution of the hula hoop
antenna 410 1s substantially symmetrical, the antenna appa-
ratus 400 can maintain the symmetrical radiation pattern
even 1n the retracted state of the antenna apparatus 400. In
addition, since the rod antenna 420 1s constructed to have a
length 2./2 1n the extended state, the increase in length of the
antenna apparatus 400 increases the antenna gain and
improves the communication quality.

FIG. 15 illustrates a radiation pattern of the antenna
apparatus 400 on the azimuth plane 1n the extended state 1n
which the gain difference between the maximum and mini-
mum gains 1s 5 dB. The prior art antenna apparatus has a
cgain difference of 8 dB, as shown by FIG. 16, which 1is
higher by 3 dB than the gain difference of the antenna
apparatus 400. FIG. 17 1llustrates a radiation pattern of the
antenna apparatus 400 on the elevation plane 1n the extended
state 1n which the peak gain appears at around 0-90°.

In conclusion, the antenna apparatus 400 has a stable
receiving sensitivity and non-directivity by securing a sym-
metrical radiation pattern. When the present antenna appa-
ratus 400 is used in a PCS (Personal Communication
Service) band, it is possible to prevent the asymmetry of the
radiation pattern, thereby improving the communication
quality.

Although an 1llustrative embodiment of the present mnven-
fion has been described herein with reference to the accom-
panying drawings, 1t 1s to be understood that the invention
1s not limited to that precise embodiment, and that various
other changes and modifications may be affected therein by
one skilled 1n the art without departing from the scope or
spirit of the mvention. All such changes and modifications
are intended to be included within the scope of the invention
as defined by the appended claims.

What 1s claimed 1s:

1. An antenna apparatus for a mobile terminal, compris-
ng:

a hula hoop antenna secured to a housing of the mobile

terminal;

a conductive line coupling the hula hoop antenna to a
transceiver of the mobile terminal;

10

15

20

25

30

35

40

45

50

55

60

65

6

a conductive fixing member having a through hole and
contacting a portion of the hula hoop antenna;

a cylindrical fixing member 1nserted into the through hole
of the conductive fixing member; and

a rod antenna extendable and retractable from and into the
housing, said rod antenna movable along a central axis
of the cylindrical fixing member.

2. The antenna apparatus according to claam 1, wherein
the hula hoop antenna has a first end connected to a variable
capacitor on a printed circuit board of the mobile terminal
and a second end connected to a ground plate of the printed
circuit board.

3. The antenna apparatus according to claim 1, wherein
the hula hoop antenna is rectangular-shaped.

4. The antenna apparatus according to claim 1, wherein
the rod antenna includes a polyacetal rod.

5. The antenna apparatus according to claim 1, wherein an
outer surface of the rod antenna i1s coated with a noncon-
ductive material.

6. An antenna apparatus for a mobile terminal, compris-
Ing:

a first antenna having a first end connected to a variable
capacitor on a printed circuit board of the mobile
terminal and a second end connected to a ground plate
of the printed circuit board, said first antenna being
secured to a housing of the mobile terminal;

a second antenna extendable and retractable from and into
the housing;

a conductive line coupling the first antenna to a trans-
ceiver of the mobile terminal;

a conductive fixing member having a through hole and
contacting a portion of the first antenna; and

a cylindrical fixing member 1nserted into the through hole
of the conductive fixing member, said second antenna
passing through a central axis of the cylindrical fixing
member for securing the second antenna to the housing.

7. The antenna apparatus according to claim 6, wherein
the first antenna 1s a hula hoop antenna made from a metal
WIre.

8. The antenna apparatus according to claim 6, wherein
the conductive fixing member 1s fixed to the first antenna at
a position which causes a substantially low current distri-
bution to be propagated by the antenna.

9. The antenna apparatus according to claim 6, wherein
the second antenna i1s a rod antenna made of a wire and
coated with a nonconductive material to prevent electrical
coupling of the second antenna with the first antenna.

10. The antenna apparatus according to claim 6, wherein
the second antenna has a length A/2.

11. The antenna apparatus according to claim 6, wherein
the second antenna 1s sufficiently thick to contact the first
antenna 1n the extended state.

12. The antenna apparatus according to claim 6, wherein
the second antenna 1s configured to be electrically decoupled
from the first antenna when the second antenna 1s retracted
within the housing, wherein only the first antenna serves as
a radiating element.

13. The antenna apparatus according to claim 6, wherein
the variable capacitor comprises:

a screwed cylinder; and

a screw 1nserted into the screwed cylinder, wherein a
capacitance of the variable capacitor can be varied by
rotating the screw.

14. The antenna apparatus according to claim 6, wherein

the variable capacitor comprises:

a printed circuit board;




6,137,445

7

a plurality of patches formed on the printed circuit board;
and

a patch connection line for connecting the patches,
whereln a capacitance of the variable capacitor can be
varied by cutting the patch connection line at given
positions.

15. The antenna apparatus according to claim 6, wherein
the first and second antenna operate in a PCS (Personal
Communication Service) band.

16. The antenna apparatus according to claim 6, wherein
a current distribution propagated by the antenna apparatus
on an azimuth plane 1s substantially symmetrical when the
second antenna 1s retracted within the housing.

17. The antenna apparatus according to claim 6, wherein
a gain difference of the antenna apparatus between maxi-
mum and minimum gains on an azimuth plane 1s approxi-
mately 9 dB when the second antenna 1s retracted within the
housing.

18. The antenna apparatus according to claim 6, wherein
a peak gain of the antenna apparatus occurs at approximately
90° on an elevation plane when the second antenna is
extended from the housing.

19. The antenna apparatus according to claim 6, wherein
a gain difference of the antenna apparatus between maxi-
mum and minimum gains on an azimuth plane 1s approxi-
mately 5 dB when the second antenna 1s extended from the
housing.

20. An antenna apparatus for a mobile terminal, compris-
Ing:

a hoop antenna having a rectangular shape secured to a
housing of a mobile terminal;

a second antenna being extendable and retractable from
and 1nto the housing;

a conductive line coupling the hoop antenna to a trans-
ceiver of the mobile terminal;

a conductive fixing member having a through hole and
contacting a portion of the hoop antenna; and
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a cylindrical fixing member 1nserted 1nto the through hole
of the conductive fixing member and having a bore
therethrough configured to allow the second antenna to
pass therethrough.

21. The antenna apparatus according to claim 20, wherein
the hoop antenna has a first end connected to a variable
capacitor on a printed circuit board of the mobile terminal,
and a second end connected to a ground plate of the printed

circuit board.
22. The antenna apparatus according to claim 21, wherein

the variable capacitor comprises:
a screwed cylinder; and

a screw 1nserted mnto the screwed cylinder, wherein a
capacitance of the variable capacitor can be varied by
rotating the screw.

23. The antenna apparatus according to claim 21, wherein

the variable capacitor comprises:

a printed circuit board;

a plurality of patches formed on the printed circuit board;
and

a patch connection line for connecting the adjacent
patches, wherein a capacitance of the variable capacitor
can be varied by cutting the patch connection line at a
certain position.

24. The antenna apparatus according to claim 20, wherein
the second antenna 1s a rod antenna having a length /2 and
coated with a non conductive material to prevent electrical
coupling with the hoop antenna.

25. The antenna apparatus according to claim 20, wherein
the second antenna 1s electrically decoupled from the hoop
antenna when the second antenna 1s retracted within the
housing, wherein only the hoop antenna serves as a radiating
clement.

26. The antenna apparatus according to claim 20, wherein
an nput 1mpedance of the hoop antenna depends on the
height thereof.
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